Background: Cross-sectional studies have shown that vegetarians and vegans are leaner than omnivores. Longitudinal data on weight gain in these groups are sparse. Objective: We investigated changes in weight and body mass index (BMI) over a 5-year period in meat-eating, fish-eating, vegetarian, and vegan men and women in the UK. Design: Self-reported anthropometric, dietary and lifestyle data were collected at baseline in 1994-1999 and at follow-up in 2000-2003; the median duration of follow-up was 5.3 years. Subjects: A total of 21 966 men and women participating in Oxford arm of the European Prospective Investigation into Cancer and Nutrition aged 20-69 years at baseline. Results: The mean annual weight gain was 389 (SD 884) g in men and 398 (SD 892) g in women. The differences between meat-eaters, fish-eaters, vegetarians and vegans in age-adjusted mean BMI at follow-up were similar to those seen at baseline. Multivariable-adjusted mean weight gain was somewhat smaller in vegans (284 g in men and 303 g in women, Po0.05 for both sexes) and fish-eaters (338 g, women only, Po0.001) compared with meat-eaters. Men and women who changed their diet in one or several steps in the direction meat-eater-fish-eater-vegetarian-vegan showed the smallest mean annual weight gain of 242 (95% CI 133-351) and 301 (95% CI 238-365) g, respectively. Conclusion: During 5 years follow-up, the mean annual weight gain in a health-conscious cohort in the UK was approximately 400 g. Small differences in weight gain were observed between meat-eaters, fish-eaters, vegetarians and vegans. Lowest weight gain was seen among those who, during follow-up, had changed to a diet containing fewer animal food.
Introduction
The prevalence of obesity is growing worldwide and the resulting increased risk for diseases like type 2 diabetes, coronary heart disease, stroke, gall bladder disease and some cancers, and the ensuing economic costs to society, are of major concern.
1 Obesity is difficult to treat; a previous metaanalysis indicated that the average weight loss, 5 years after completing structured weight-loss programs, was less than 3% of initial body weight. 2 To control the obesity epidemic, prevention of people gaining weight during adulthood is therefore crucial.
Cross-sectional studies have shown that, at least among westernized populations, people who follow a vegetarian diet have lower body weight and body mass index (BMI) than omnivores. [3] [4] [5] [6] [7] In the Oxford arm of the European Prospective Investigation into Cancer and Nutrition (EPICOxford), which intentionally recruited a high proportion of people who did not eat meat, mean BMI was highest in meateaters, lowest in vegans, and intermediate in fish-eaters and vegetarians. 5 It was also found that in the groups that did not eat meat, mean BMI was lower in those who had adhered to their diet for 5 or more years than among those who had followed their diet for a shorter period. 8 We are aware of only one previous longitudinal study investigating the possible role of a vegetarian diet in preventing weight gain. This study of Seventh-day Adventists indicated a small but nonsignificantly lower weight gain between 1960 and 1976 in vegetarians below age 50 compared with non-vegetarians, 9 although among older subjects the finding was reversed.
However, these analyses were not adjusted for possible confounding factors. In the present paper, we assessed changes in weight over 5 years in the late 1990s in meateating, fish-eating, vegetarian, and vegan men and women participating in EPIC-Oxford.
Materials and methods
Subjects and study design Subjects were selected from the EPIC-Oxford. The EPICOxford cohort consists of 65 500 participants aged X20 years and living in the UK between 1993 and 1999. 10 The aim was to recruit participants with a wide range of diets by targeting vegetarians and vegans, as well as the general UK population. Participants were recruited through collaborating general practitioners or by post via vegetarian and vegan societies, vegetarian and health food magazines, or were friends or relatives of other participants. A detailed questionnaire that included questions on diet, height and weight, physical activity, medical history and current health, marital and job status, education and age at menarche in women was completed by 57 498 participants. Approximately 5 years after recruitment, a follow-up questionnaire was sent to those who had completed the baseline questionnaire and who had not died or been lost to follow-up; the response rate at follow-up was 68%. The study protocol was approved by a Multi-Centre Research Ethics Committee. The current study is based on subjects who completed the follow-up questionnaire and had no prevalent malignant neoplasm at baseline (n ¼ 36 956). Subjects were excluded if weight and height were measured and not self-reported (n ¼ 1389), if anthropometric data were missing or if change in body weight between baseline and follow-up exceeded 20 kg, because we considered that such a change was more likely to be the result of reporting error (n ¼ 2267), if subjects were aged X70 years or had suffered a heart attack, stroke, angina or diabetes at baseline (n ¼ 4625), if the diet group was unclear at baseline and/or follow-up (529), or if values of any of the other variables in the analyses were missing (6180). This left a total of 21 966 subjects who were included in the analyses.
Anthropometric assessments
Participants were asked to report their body weight in stones and pounds or in kilograms, and their height in feet and inches or in centimetres. Data reported in stones and pounds were converted to kilograms; data reported in feet and inches were converted to centimetres. Body mass index was calculated as weight in kilograms divided by the square of height in metres. Anthropometric data at baseline and follow-up were used to calculate change in body weight and BMI. Annual weight gain during follow-up was calculated as the gain in weight from baseline to follow-up divided by the number of months of follow-up, multiplied by 12. The validity of self-reported height and weight at baseline was previously evaluated in a sample of 4808 EPICOxford participants in whom height and weight were both self-reported and measured by a nurse. 11 This study showed that self-reported and measured height and weight, respectively, were highly correlated (r40.9). Height was overestimated by a mean of 1.23 cm in men and 0.60 cm in women, and the extent of overestimation was greater in older men and women, shorter men and heavier women. Weight was underestimated by a mean of 1.85 kg in men and 1.40 kg in women, and in both men and women there was a trend towards greater underestimation with increasing weight. Assuming that any difference in an individual's true weight and reported weight did not vary from baseline to follow-up, systematic misestimation of weight is unlikely to bias the results because the current study concerns changes in weight. Based on these data at baseline and follow-up, six diet groups were defined: subjects who had not changed their diet during the follow-up period were classified as 'meateater', 'fish-eater' (who did not eat meat but ate fish), 'vegetarian' (who did not eat meat or fish but ate eggs and/or dairy products) or 'vegan' (who did not eat any food of animal origin), subjects who during the follow-up period had changed their diet in one or more steps in the direction vegan-vegetarian-fish-eater-meat-eater were classified as 'reverted' and subjects who had changed their diet by one or more steps in the opposite direction were classified as 'converted'. In addition to the questions used to classify the diet group, the participants' dietary intake during the previous 12 months was assessed by a 130-item food frequency questionnaire.
Classification of diet groups

Other variables
Classification of physical activity was based on questions relating to participants' physical activity at work and leisure time, averaged over summer and winter. Participants were assigned to one of four levels of physical activity at work: sedentary occupation, standing occupation, manual work and heavy manual work, with participants who were not currently employed assigned to the sedentary category. The average number of hours per week of cycling and other exercise, such as sports, jogging and aerobics/keep fit, was calculated and participants were assigned to one of four levels: 0, o3.5, 3.5-o7 and X7 h per week. Data on physical activity at work and leisure time were combined and a physical activity index with four categories was created
(1 ¼ inactive, 2 ¼ low activity, 3 ¼ moderately active and 4 ¼ very active). This index was shown to rank participants according to energy expenditure measured via heart rate monitoring. 12 Based on physical activity index at baseline and follow-up, six groups were defined: subjects who had not changed their physical activity level during the follow-up period were classified into groups of 'inactive', 'low activity', 'moderately active' and 'very active', subjects who during the follow-up period had changed their physical activity level by one or more steps in the direction inactive-low activitymoderately active-very active were classified as 'more active', and subjects who had changed their physical activity index by one or more steps in the opposite direction were classified as 'less active'. Additional variables described below were also included in the analyses since preliminary analyses had indicated that they were each associated with weight gain. Information on smoking, marital status and current paid job were obtained from the questionnaires at baseline and follow-up. Based on these data, for each variable, subjects who had not changed their status during the follow-up period were classified as 'yes-yes' or 'no-no', and subjects who had changed their status from baseline to follow-up were classified as 'yes-no' or 'no-yes'; for example, subjects who smoked at baseline but not at follow-up were classified as 'yes-no'. Information on age, height, age at menarche and age at leaving school were obtained through the baseline questionnaire. Age at recruitment was categorized as 5-year age bands, age at menarche was categorized into groups of o12, 12, 13, 14 and X15 years, and age at leaving school was dichotomized into groups of p16 and 416 years.
At baseline, participants were also asked if they had modified their diet in the past year owing to overweight/ obesity and if they were receiving long-term treatment for any illness. Subset analyses were performed excluding subjects who answered yes to these questions. The baseline questionnaire also provided information on the age at which the subjects became a fish-eater, vegetarian and vegan, respectively, and also on the participants' body weight at the age of 20. These data were used to test the hypothesis that young non-vegetarians who become vegetarian are leaner than young people who do not subsequently become vegetarian.
Statistical analysis
Data for men and women were analysed separately. Ageadjusted mean BMI at baseline and follow-up was calculated for meat-eaters, fish-eaters, vegetarians and vegans using multiple linear regression. The association between weight gain and diet group was analysed using multiple linear regression, adjusting for physical activity, smoking, marital status, current paid job, age at leaving school, age at menarche, and age, height and weight at baseline. For each variable, the means in the different groups were compared with the mean in the reference group using standard t-tests arising from the regression model. Heterogeneity in means across categories was assessed using F-tests. Adjusted mean values for BMI and weight gain and their 95% confidence intervals were calculated from the fitted values arising from the regression models. All analyses were performed using version 8. 
Results
The study included 5373 men and 16 593 women ( Table 1 The increase in age-adjusted BMI among subjects who were in the same diet group at baseline and follow-up is illustrated in Figure 1 . The differences in mean BMI between the diet groups at follow-up were similar to those seen at baseline; mean age-adjusted annual increases in BMI in meat-eaters, fish-eaters, vegetarians and vegans were 0.12, 0.12, 0.12 and 0.10 kg m À2 in men (P for heterogeneity ¼ 0.556), and 0.15, 0.12, 0.15 and 0.12 kg m À2 in women (P for heterogeneity ¼ 0.017), respectively. 
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Multivariable-adjusted annual weight gains in all six diet groups (meat-eaters, fish-eaters, vegetarians, vegans, reverted and converted) are presented in Table 2 . P for heterogeneity in weight gain between the diet groups was o0.05 for men and o0.001 for women. Compared with meat-eaters, mean annual weight gain was lower in vegans (Po0.05 for both men and women) and fish-eaters (women only, Po0.001). The lowest mean weight gains were seen in men and women classified as converted, in whom the mean annual weight gain was 40 and 29% smaller, respectively, compared with the mean annual weight gain in meat-eaters (Po0.001 for both sexes). The highest weight gains were seen in men and women classified as reverted, but these values were not significantly different from the mean weight gains in meateaters. Table 2 also shows the associations between weight gain and the non-dietary variables. For each variable, P for heterogeneity between categories was p0.01 for both men and women. For subjects who did not change their physical activity level during follow-up, there was a linear inverse relationship between physical activity and weight gain; in very active men and women the mean annual weight gain was 35 and 34% lower, respectively, compared with that seen in inactive subjects (Po0.01 and o0.001, respectively). Subjects who became more active during the follow-up period also gained less weight compared with subjects who were inactive at both baseline and follow-up (Po0.001 for both men and women). Smokers gained less weight compared with non-smokers, whereas subjects who quit smoking during follow-up gained more weight (Po0.001 in each case for both men and women). Women who started to smoke during follow-up gained less weight compared with nonsmoking women (Po0.01). Compared with subjects who were married or living as married, mean annual weight gain was greater for unmarried women (Po0.01) and for men and women who got married (Po0.05 and o0.01, respectively) and smaller for men and women who were no longer married (Po0.01 and o0.001, respectively). Men who lost or quit their job gained less weight than men who had a job at both baseline and follow-up (Po0.01), whereas women who obtained work gained less weight than women working at both baseline and follow-up (Po0.01). Inverse associations between weight gain and age at leaving school (Po0.01 for men and Po0.001 for women) and age at menarche were seen. Age at baseline was inversely associated with weight gain in both sexes. With the exception of young men aged 20-24 years in whom a very large weight gain was seen, the influence of age was most pronounced at the age of 50 and above in both men and women. Weight gain was positively associated with baseline height and inversely associated with baseline weight (data not shown).
The association between diet group and weight gain was also analysed in subsets, excluding subjects who at baseline reported that they had modified their diet in the past year owing to overweight or obesity and excluding subjects receiving long-term treatment for any illness at baseline. The results were similar to those reported in Table 2 : in the first subset, compared with meat-eaters, the mean annual weight gain was smaller in fish-eaters (women only, Po0.01), vegetarians (women only, Po0.05), vegans (men only, Po0.05) and the converted group (Po0.05 for both sexes). In the second subset, compared with meat-eaters, the mean annual weight gain was smaller in fish-eaters (women only, Po0.01), vegans (women only, Po0.05) and the converted group (Po0.01 for both sexes).
Restricting the analyses to subjects who were nonvegetarians at the age of 20 years (4521 women and 4706 men), we calculated BMI at the age of 20 years in two subgroups. In men who had become a vegetarian or vegan at recruitment to the study the mean BMI at the age of 20 years was 21.8 kg m
À2
, whereas in men who were not a vegetarian or vegan at recruitment the mean BMI at the age of 20 years Figure 1 Age-adjusted mean body mass index (BMI) at baseline and follow-up by diet group for men and women who were in the same diet group at both times, showing 95% confidence intervals.
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b Subjects who during the follow-up period had changed their diet in one or more steps in the direction vegan-vegetarian-fish-eater-meat-eater. , respectively (P ¼ 0.02). These differences remained significant after adjusting for age at baseline, age at leaving school and age at menarche (data not shown).
Discussion
It has been observed in cross-sectional studies that vegetarians are leaner than omnivores. [3] [4] [5] [6] [7] This effect could be partly mediated by the intake of fibre, which is higher in a vegetarian diet 10, 13, 14 and is a dietary factor that has been shown to prevent weight gain. 1, [15] [16] [17] Further, a vegetarian diet may be lower in energy-dense micronutrient-poor food, which is also an established risk factor for obesity. 1 In the current study, we assessed weight gain over 5 years during the late 1990s in meat-eating, fish-eating, vegetarian, and vegan men and women in the EPIC-Oxford cohort. The average weight gain in this population was approximately 400 g/year. Differences were seen between the diet groups; a statistically significant smaller weight gain was seen in the vegans, and in women also in fish-eaters, compared with the meat-eaters. However, in these groups the weight gain was still approximately 300 g/year. As obesity is associated with increased risk for many chronic diseases, the World Health Organization recommends that people should not gain more than 5 kg weight during adulthood. 18 At a weight gain rate of 400 g/year, it would take less than 15 years to achieve this. The small differences in annual weight gain between the meat-eaters and the vegetarians during the 5 years of followup are surprising, given the considerable difference in mean BMI between these groups (Figure 1 ). This finding raises the question of when the differences in mean BMI between the diet groups develop. In the current study, the lowest weight gain was seen in people who during the follow-up period had changed to a diet containing fewer animal food. This suggests that people who become 'more vegetarian' reduce or stop gaining weight for a period and that this could give rise to the subsequent differences in BMI. Another possibility is that people who become vegetarians are more health conscious and therefore likely to be relatively slim before they change their diet. Our data indicate that this could be a contributing factor, at least among men in whom those who became vegetarian or vegan after the age of 20 years had a 0.4 kg m À2 lower mean BMI at the age of 20 years compared with subjects who did not become vegetarian or vegan later in life. However, in these analyses we were not able to control for all possible confounding factors and the finding should therefore be interpreted with caution. Further research is needed to determine when and how the differences in BMI arise. The optimal diet for weight control is hotly debated. Lowcarbohydrate/high protein diets are popular at present, although their long-term efficacy and safety are not established. [19] [20] [21] In the current study, among people who had not changed their diet during follow-up, the largest weight gain was seen in the meat-eaters, whereas the smallest weight gain was seen in the vegans. As reported previously, at baseline the percent of energy intake from protein was lowest among the vegans and highest among the meat-eaters, whereas the opposite was seen for carbohydrates. 10 Thus, contrary to the hypothesis that high intakes of carbohydrates and low intake of protein may exacerbate weight gain, we observed the lowest weight gain in the group with the highest intake of carbohydrates and lowest intake of protein.
The association between weight gain and diet group was adjusted for a number of variables and we have also presented data for these variables. The inverse association between physical activity and weight gain observed in both men and women is consistent with what several other large prospective studies have shown. 15, [22] [23] [24] [25] [26] [27] [28] These data support encouraging physical activity to help control the rising prevalence of obesity. However, in the current study, even in men and women who were classified as being very physically active at both baseline and follow-up, a mean weight gain of around 300 g/year was seen. The effect on weight gain of becoming more active during the follow-up period was similar to the effect of changing to a diet including fewer animal foods, suggesting that obesity may be best prevented if both diet and physical activity are considered for intervention.
Compared with non-smokers, the mean annual weight gain was lower in smokers and considerably higher in men and women who stopped smoking during follow-up. The unfavourable effect of smoking cessation on body weight is well known and is probably caused by a combination of increased energy intake, decreased resting metabolic rate, decreased physical activity and increased lipoprotein lipase activity. 29 However, although the risk of gaining weight is of concern for people who want to stop smoking, an increase in body weight due to smoking cessation is of minor concern compared with the hazard of continuing smoking. Our finding that people who separated or became widowed gain less weight and that people who entered a marriage gain more weight compared with people who stayed married during follow-up agrees with findings from other studies. [30] [31] [32] [33] [34] [35] This may be explained by changes in health behaviour; for example, marriage seems to promote an increased consumption of vegetables, whereas marriage termination has been associated with worsening smoking, drinking and dietary habits, possible more so in men than in women. 31, 35 Although entering a marriage is associated with weight gain, married people are generally healthier and have lower mortality compared with unmarried people. [36] [37] [38] The association between job status and weight gain indicates that this variable affects diet and physical activity in ways beyond those represented by the diet group and physical activity variables. In our study, the influence of change in job status differed with gender: men who left Weight gain in vegetarians M Rosell et al employment and women who gained employment during follow-up had lower weight gain compared with those who had a paid job at both the beginning and end of follow-up. Leaving school after age of 16 was associated with decreased weight gain in both men and women, as also seen in other studies. 39, 40 Education, income and occupation are used as indicators of socioeconomic status. A recent review of longitudinal studies showed that among non-blacks in developed countries there was a relatively consistent inverse association between weight gain and occupation, and, to a somewhat lesser degree, education, whereas the association between weight gain and income was inconsistent. 41 Several studies have reported that a younger age at menarche is associated with increased risk of being overweight as an adult. [42] [43] [44] [45] This association was shown to be partly explained by childhood obesity. 46 Our study suggests that age at menarche is also associated with adult weight gain, as reported in other studies.
39,40
The EPIC-Oxford cohort differs from other studies in that it involves subjects who are more health conscious than the general UK population. Using data from the two recent British national diet and nutrition surveys, 47, 48 we estimated the mean annual weight gain among persons aged 35-49 in the earlier survey to be approximately 700 g in men and 450 g in women. In our study, the annual weight gain among subjects of the same age was approximately 460 and 470 g in men and women, respectively. However, the estimates were derived from surveys conducted in 1986 and 2001, so the time period differed from that in our study. The current study showed significant increases in body weight during follow-up in all subgroups analysed, except for women aged 464 years. Even among the vegans body weight increased by approximately 300 g/year on average. These findings demonstrate that gaining weight is a general trend and support the view that the obesity epidemic seen over the past decades 1, 49 is caused by an increasingly 'obesogenic' environment in which the easiest choices are those leading to high energy intake and reduced physical activity. 50 
